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RADIATION HARDENED FIELD DIELECTRIC 
UTILIZING BPSG 

This application is a continuation of application Ser. 
No. 07/240,979, filed Sep. 6, 1988, now abandoned. 

FIELD OF THE INVENTION 

This invention relates to manufacture of semiconduc 
tor devices and in particular to an improved method 
and means for making MOS circuits radiation tolerant. 

BACKGROUND OF THE INVENTION 

Presently known MOSFET (metal oxide semicon 
ductor ?eld effect transistor) devices incorporate a 
grown thick ?eld oxide layer which serves to reduce 
the occurrence of radiation induced ?eld inversion. The 
undesirable ?eld inversion is known to result in high 
leakage current with a consequent failure of the MOS 
circuits. In prior art MOS structures, the oxide layers 
have a high cross-section for trapping holes generated 
during irradiation. Radiation may arise from the pres 
ence of cosmic rays or nuclear reactions whereby high 
energy particles penetrate the oxide layers. In such case, 
the ?eld oxide charges become positive so that the ?eld 
inverts thereby resulting in parasitic transistor action 
with high leakage current and device failure. 
To solve this problem, dielectric layers, such as un 

doped oxides deposited by chemical vapor deposition, 
and also layers using phosphosilicate glass (PSG) oxide 
were used to reduce the amount of charge trapping. For 
the manufacture of radiation hard integrated circuits, of 
the high performance CMOS types for example, it is 
highly desirable to minimize ?eld inversion and the 
resultant high leakage current effects so that failure of 
the MOS circuits will not occur. 

SUMMARY OF THE INVENTION 
An object of this invention is to provide a method of 

manufacturing a MOSFET device whereby the radia 
tion resistance of the ?eld oxide is substantially im 
proved. 
Another object of this invention is to provide an 

oxide isolation process that substantially reduces in 
duced ?eld inversion in MOS circuits. 
Another object is to reduce the failure rate of MOS 

circuits. 
A further object is to provide a radiation hard inte 

grated circuit. ' 

According to this invention, during the process of 
forming a MOSFET, a radiation hard ?eld dielectric is 
formed over the ?eld oxide layer of the MOSFET de 
vice. The dielectric is formed of a hard material of 
borophosphosilicate glass (BPSG) that is effectively 
resistant to radiation and thus protects the ?eld oxide 
from the effects of irradiation. The BPSG layer is in the 
shape of an island that is notched. Two layers of poly 
crystalline silicon are used to form a gate so as to pre 
vent contamination of the gate oxide by the BPSG 
dopants. 
The key problem to overcome in the utilization of a 

BPSG dielectric layer is dopant out-diffusion from the 
BPSG into the silicon surface region under the gate. 
This is accomplished in the present invention by using a 
double polycrystalline silicon process whereby the gate 
oxide is grown prior to BPSG deposition and the ?rst 
polycrystalline silicon layer both protects the gate oxide 
and acts as a channel stop for the BPSG etch step. 
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DESCRIPTION OF THE DRAWINGS 

The invention will be described with reference to the 
drawings in which: 
FIGS. 1-7 are cross-section representations depicting 

steps in the process of making a MOSFET device in 
accordance with the invention; 
FIG. 8 is a cross—section representation of the struc 

ture in FIG. 7, along line A-A, to aid in the explana 
tion of the invention; and 
FIG. 8 is a top plan view of the completed structure 

of FIGS. 7 and 8. 
Similar numerals refer to similar elements throughout 

the drawing. 

DETAILED DESCRIPTION OF THE 
INVENTION 

With reference to FIG. 1, a substrate 10 consists 
preferably of a single crystal silicon wafer which has 
formed on it by conventional means a layer of P con 
ductivity type. The surface of the substrate 10 then is 
cleaned and subjected to an initial oxidation to produce 
a thin layer of silicon oxide 18 on the surface. The thick 
ness of the silicon oxide layer 18, which is substantially 
uniform across the surface, is typically about 200-500A. 
The thin layer of silicon oxide 18 will later serve as a 
gate oxide layer A ?rst layer of conductive material 
such as polycrystalline silicon 20 is then deposited over 
the silicon dioxide layer 18. The polycrystalline silicon 
layer 20 is deposited using conventional methods and is 
about 200 to 1000A thick. Other conductive materials 
suitable for layer 20 include tungsten or other refrac 
tory metals. 
A layer of silicon dioxide 22 is then deposited on top 

of polycrystalline silicon layer 20. (FIG. 2) Silicon diox 
ide layer 22 is deposited to a thickness of about 
BOO-800A using CVD or is thermally grown by conven— 
tional methods. A layer of silicon nitride 24 is then 
deposited over the silicon dioxide layer 22 by conven 
tional chemical deposition means thus forming an oxide 
nitride “stack” 26. 
By means of conventional masking and photolitho 

graphic methods, an “island,” typically rectangular in 
shape, is de?ned in the nitride-oxide stack 26 and the 
?rst polycrystalline silicon layer 20. The nitride-oxide 
stack 26 and the ?rst polycrystalline silicon layer 20 are 
then etched to form an island as shown in FIG. 3. The 
etching is performed by a conventional chemical dry 
etch process. 

Next, the substrate and the various layers on it are 
subject to thermal oxidation in a steam atmosphere at 
850°~950° C. so as to form a second silicon dioxide layer 
28 as shown in FIG. 4. Silicon dioxide layer 28 is about 
1000 to 2000.3. thick. 
Then the nitride layer 24 is removed by chemical or 

dry etching. Next, a layer of boro-phosphosilicate glass 
(BPSG) 32 is deposited over the second silicon dioxide 
layer 28 as shown in FIG. 5. The BPSG layer 32 is 
deposited at 350° to 500° C. by ?owing a mixture of 
silane (SiH4) gas, oxygen, phosphine (P113) gas, and 
boron trichloride (BC13) or diborane (B2116) gas over 
the surface of oxide layer 28. The flow rates are: SiH4 50 
to 200 sccm; O2 50 to 200 sccm; PH3 l to 20 sccm; and 
BCl3 (or B2H5) l to 20 seem, at a pressure of 100 to 300 
millitorr. The resulting BPSG glass layer 32 is about 2% 
to 8% boron and about 2% to 8% phosphorous by 
weight and the remainder is silicon dioxide, and has a 
thickness of about 2000A to 5000A. 
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Next, a masking layer of photoresist 34 is formed by 
conventional means over BPSG layer 32, leaving a 
portion of the BPSG layer 32 exposed. This mask layer 
34 protects the underlying layers, while the exposed 
portion of BPSG layer 32 is etched away by a buffered 
oxide etch. A portion of the second oxide layer 28 is 
also etched away in the process. This etching leaves 
almost all of polycrystalline silicon layer 20 exposed as 
de?ned by the mask layer 34, as shown in FIG. 6. Mask 

1 layer 34 (FIG. 5) is shaped so as to leave two “notches” 
in the otherwise etched-away BPSG area 38. Mask 
layer 34 is then removed, leaving the structure as shown 
in FIG. 6. 

Next, as shown in FIG. 7 a second layer of polycrys 
talline silicon 40 or other conductive material is depos 
ited, by the same means as the ?rst polycrystalline sili 
con layer 20. This second polycrystalline silicon layer 
40 has a thickness of about 3000 to 6000A. 

Next, the second polycrystalline silicon layer 40 is 
masked by mask layer 42 as shown in FIGS. 7 and 8 and 
etched by conventional means (such as an SFe-Oz etch), 
so that the second polycrystalline silicon layer 40 has a 
shape in top view as shown in FIG. 9. As seen in FIG. 
9, BPSG etched-away area 38 is rectangular in shape, 
with two notches 44,46 formed in it. Notches 44, 46 are 
shown in FIG. 8. The second polycrystalline silicon 
layer 40 overlies the BPSG etched-away area 38 and 
crosses the notches 44,46. ‘ 

In terms of function, the ?rst oxide layer 18 is a gate 
oxide layer as shown in FIG. 7. The ?rst polycrystalline 
silicon layer 20 is completely removed during the sec 
ond polycrystalline silicon etch except in the area cov 
ered by the second polycrystalline silicon layer 40 and 
the notch areas 44, 46 (see FIG. 9) covered by the 
BPSG layer 32. This ?rst polycrystalline silicon layer 
20 serves as the gate to control the ?eld effect device 
between the source region 48 and drain region 50. The 
second polycrystalline silicon layer 40, as shown in 
FIG. 8, is partly underlain by the BPSG layer 32 to 
prevent current leakage between adjacent transistors in 
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the substrate. The BPSG layer 32 covers the ?eld oxide l 
(that part of the oxide layer 28 on either side of the gate 
oxide 18). 
To complete the semiconductor device, N type 

source 48 and drain 50 self aligned semiconductor re 
gions are formed by conventional methods as shown in 
FIG. 7, and electrical contacts are opened as is well 
known in the art to the source 48 and drain 50 regions, 
and electrical contact is made to the source 48, drain 50, 
and gate 42 by means of metallization electrical inter 
connections (not shown). 
A preferred embodiment has been illustrated, of 

which modi?cation and adaptations within the scope of 
the invention will occur to those skilled in the art. For 
instance, the notches in the etched-away BPSG area 
could be dispensed with. The invention is limited only 
by the scope of the following claims. 
We claim: 
1. A semiconductor device comprising: 
a semiconductor body of a ?rst conductivity type; 
a semiconductor region of a second conductivity type 

opposite the ?rst type formed in the semiconductor 
body; 

a gate oxide layer on a surface of the semiconductor 
body; 

a conductive gate electrode on the gate oxide layer; 
and 
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4 
a layer of boro-phosphosilicate glass over the oxide 

layer, and over and in contact with a ?rst portion 
of the gate electrode, wherein a second portion of 
the gate electrode overlies the layer of glass. 

2. The device of claim 1, wherein the gate electrode 
is polycrystalline silicon. 

3. The device of claim 1, wherein the gate electrode 
is rectangular in shape in the plane of the surface of the 
semiconductor body. 

4. The device of claim 1, wherein the glass layer is 
2% to 8% boron by weight and 2% to 8% phosphorous 
by weight. 

5. The device of claim 4, wherein the glass layer has 
a thickness of at least 1000A. 

6. The device of claim 1, further comprising: 
a second semiconductor region of the second conduc 

tivity type formed in the semiconductor body and 
spaced apart from the first semiconductor region, 
whereby the ?rst and second semiconductor re 
gions are respectively a source and a drain of a 
MOSFET transistor, and the gate electrode is the 
gate electrode of the MOSFET transistor. 

7. The device of claim 1, wherein both portions of the 
gate electrode comprise polycrystalline silicon. 

8. A radiation-hardened semiconductor device com 
prising: 

a semiconductor body of a ?rst conductivity type and 
having a principal surface; 

a semiconductor region of a second conductivity type 
opposite the ?rst type formed in the body and ex 
tending to the principal surface thereof; 

an insulating layer formed on said principal surface 
and overlying said semiconductor region; 
?rst portion of a gate electrode formed on said 
insulating layer, and having at least two parallel 
opposing edges in a plane de?ned by the principal 
surface; 

a layer of boro-phosphosilicate glass formed on said 
insulating layer surrounding the ?rst portion of the 
gate electrode in the plane de?ned by the principal 
surface and laterally spaced apart from the ?rst 
portion of the gate electrode except for a part of 
the layer of glass covering only two areas of the 
?rst portion of the gate electrode, the two covered 
areas being located respectively at the two parallel 
opposing edges of the gate electrode, thereby 
forming a notched island protecting the underlying 
insulating layer from radiation; and 

a second portion of the gate electrode overlying and 
contacting a central part of the ?rst portion thereof 
extending between the two covered areas, and also 
overlying the two covered areas and being insu 
lated therefrom by the layer of glass. 

9. A radiation-hardened semiconductor device com 
prising: I 

a semiconductor body of a ?rst conductivity type and 
having a principal surface; 

a semiconductor region of a second conductivity type 
opposite the ?rst type formed in the body and ex 
tending to the principal surface thereof; 

a ?rst insulating layer formed on said principal sur 
face and overlying said semiconductor region; 

a ?rst portion of a gate electrode formed on said 
insulating layer, and having a'rectangular shape 
de?ning two parallel opposing edges in a plane 
de?ned by the principal surface; 

a 
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a second insulating layer formed on said ?rst insulat 
ing layer and laterally surrounding said ?rst por 
tion of the gate electrode; 

a layer of boro-phosphosilicate glass formed on said 
second insulating layer and surrounding the ?rst 
portion of the gate electrode in the plane de?ned 
by the principal surface and laterally spaced apart 
from the ?rst portion of the gate electrode, except 
for a part of the layer of glass covering only and in 
contact with only two rectangular areas of the ?rst 
portion of the gate electrode, the layer of glass not 
covering a central part of the ?rst portion of the 
gate electrode, the two covered areas being located 
respectively at the two parallel opposing edges of 
the gate electrode, the glass layer defining a 
notched island and protecting the underlying ?rst 
and second insulating layers from radiation except 
in the area of the notched island; and 

a second portion of the gate electrode overlying and 
contacting a central part of the ?rst portion thereof 
extending between the two covered areas, and also 
overlaying the layer of glass and overlying parts of 
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6 
the two covered areas and being insulated from the 
two covered areas by the layer of glass. 

10. A semiconductor device comprising: 
a semiconductor body of a ?rst conductivity type and 

having a principal surface; 
a semiconductor region of a second conductivity type 

opposite the ?rst type formed in the body and ex 
tending to the principal surface thereof; 

an insulating layer formed on said principal surface 
and overlying said semiconductor region; 

a ?rst portion of a gate electrode formed on said 
insulating layer, and having at least two opposing 
edges in a plane de?ned by the principal surface; 

a layer of boro-phosphosilicate glass formed on said 
insulating layer and covering only and in contact 
with only two areas of the ?rst portion of the gate 
electrode, the layer of glass not covering a central 
part of the ?rst portion of the gate electrode, the 
two covered areas being respectively at the two 
opposing edges of the gate electrode; and 

a second portion of the gate electrode overlying and 
contacting ?rst portion thereof, and also overlying 
the two areas and being insulated therefrom by the 
layer of glass. 
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